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Abstract
The results concerning the theoretical evaluation of the small-angle Bhabha Scatter-
ing cross section obtained during the Workshop on Physics at LEP2 (CERN, Geneva,
Switzerland, 1995) by the Working Group “Event Generators for Bhabha Scattering” are
summarized. The estimate of the theoretical error on the cross section in the luminometry
region is updated.
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During 1995, within the Workshop on Physics at LEP2, a Working Group on “Event Gen-
erators for Bhabha Scattering” was convened. The main tasks of the Working Group were
• to make an inventory of all the available Monte Carlo (MC) event generators, developed
by independent collaborations, for small-angle (SABH) and large-angle (LABH) Bhabha
processes at LEP1 and LEP2;
• to improve our understanding of their theoretical uncertainties by means of systematic
comparisons of MC’s between themselves and with non-MC approaches.
The main emphasis was put on SABH processes, because of the pressing need to match
the theoretical precision of the calculations with the much improved experimental accuracy
(≤ 0.1%) of the luminosity measurement. In particular, the main achievement of the program
outlined, which is the result of a combined effort by several collaborations addressing several
theoretical and experimental issues, was the reduction of the theoretical error on the SABH
cross section from 0.16% to 0.11% for typical event selections (ES) at LEP1, and a first estimate
of the theoretical error on the SABH cross section at LEP2.
The aim of the present short note is to summarize the strategies adopted in order to achieve
the goal stated above, and to officially state the conclusions drawn by the Working Group. For
any details concerning experimental aspects, or theoretical issues, as well as descriptions of the
codes involved, the reader is referred to [1], where the proper references to all the individual
contributions can be found.
The various components of the theoretical error on the SABH cross section are quoted in
Tab. 1, where a summary of the past and present situation at LEP1 together with the present
estimate valid for LEP2 is given. The errors in the table are understood to be attributed to
the cross section for any typical (asymmetric) ES, for a LEP1 experiment in the angular range
1◦ − 3◦, calculated using BHLUMI 4.03. In the case of LEP2, the estimate extends to the
angular range 3◦ − 6◦, and also to a possible narrower angular range (say 4◦ − 6◦) that may
be necessary due to the effect of synchrotron radiation masks in the experiments. The entries
include combined technical and physical precision.
LEP1 LEP2
Type of correction/error Past Present Present
(a) Missing photonic O(α2L) 0.15% 0.10% 0.20%
(b) Missing photonic O(α3L3) 0.008% 0.015% 0.03%
(c) Vacuum polarization 0.05% 0.04% 0.10%
(d) Light pairs 0.01% 0.03% 0.05%
(e) Z-exchange 0.03% 0.015% 0.0%
Total 0.16% 0.11% 0.25%
Table 1: Summary of the total (physical+technical) theoretical uncertainty for a typical calorimetric
detector. For LEP1, the above estimate is valid for the angular range within 1◦−3◦, and for LEP2 it covers
energies up to 176 GeV, and angular range within 1◦− 3◦ and 3◦− 6◦ (see the text for further comments).
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As can be seen in the table, at the present stage the theoretical error is still dominated by
the error on photonic corrections, quoted in entries (a) and (b), and in particular by the one
due to missing O(α2L), where L is the usual collinear logarithm L = ln(−t/m2), of entry (a).
Since the error of entry (a) is by far dominant with respect to all the other ones, it is worth
devoting some space to describe how it has been estimated, namely by adopting the following
procedure:
• consideration of only the photonic corrections to the dominant part of the SABH cross
section, namely the one due to t-channel photon exchange;
• to define four families of ES’s, starting from the simplest one, BARE1, in which cuts
are applied only to the “bare” final fermions, and going, through CALO1 and CALO2,
implementing more and more complex clustering algorithms, to SICAL2, which is very
similar to a “real” experimental ES; since photonic corrections are very sensitive to the
details of the ES, defining these four ES’s allows to span in detail the photonic phase space;
even if the ES BARE1 is far from realistic, the presently available analytical calculation
including the complete set of O(α2L) corrections refers to such an ES, and so provides a
very important cross-check of the MC programs;
• to run all the available codes for all the ES’s, varying inside any ES the threshold require-
ments for the final state fermions/clusters;
• to perform a test concerning the technical precision, namely comparing the exact up to
O(α) cross sections; agreement at the level of a few 10−4 relative deviation has been
achieved (for brevity not shown here);
• finally, to compare the results of the codes including the full higher-order photonic cor-
rections in each case, for all the situations explored (see Fig. 1).
The result of this procedure allowed the definition of “one-per-mill regions”, referring to
realistic threshold cuts, within which most of the predictions lie. Moreover, for those cases
for which the predictions do not lie within the “one-per-mill regions”, the reasons for the
deviations involved have been carefully investigated and eventually understood. An analogous
procedure has been followed after the inclusion of all the relevant radiative corrections (vacuum
polarization, Z contributions and so on), and extending the comparisons also to asymmetric
ES’s, leading to the results shown as an example in Fig. 2.∗ A similar analysis has also been
performed for the first time in situations which will be typical at the LEP2 experiments. The
conclusion drawn at the end of all these comparisons is that now the theoretical uncertainty due
to uncontrolled O(α2L) corrections is reduced from 0.15% to 0.10% for the LEP1 situation,
and estimated to be 0.20% at LEP2. As far as entry (b), the “missing photonic O(α∋L∋)”
uncertainty, is concerned, new estimates of the effect have resulted in a more conservative
theoretical error, namely 0.015% to be compared with the old estimate of 0.008%.†
∗The results by BHAGEN95 shown here are slightly changed with respect to the ones quoted in [1], due to
a bug-fixing.
†In the semi-analitical program NLLBHA in the BARE1 set-up of Fig. 1 all the corrections of O(α∈L) and
of O(α∋L∋) are contained.
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As far as all the other entries in Tab. 1 are concerned, namely entries (c), the “vacuum
polarization” uncertainty, (d), the “light pairs” uncertainty, and (e), the “Z-exchange” uncer-
tainty, two of them, (c) and (e), are reduced with respect to the previous situation thanks to
several new fits of the hadronic contribution to the vacuum polarization, and some additional
original work on the Z-exchange contribution done during the workshop. New estimates, both
Monte Carlo and analytical, of the light pairs contribution, (d), featuring more complete cal-
culations done during the workshop, have resulted in a more conservative estimate of the pairs
effect uncertainty of 0.03%;‡ if it would be necessary, this effect can be included in the BHLUMI
event simulation itself using an extension of the respective YFS exponentiation to soft pairs
radiation via methods already represented in [1] and references therein.
In conclusion, the total (physical + technical) theoretical uncertainty on the SABH cross
section for a typical calorimetric detector is at present 0.11% at LEP1 and 0.25% at LEP2.
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Figure 1: Monte Carlo results for the symmetric Wide-Wide ES’s BARE1, CALO1, CALO2 and SICAL2,
for matrix elements beyond first order. Z exchange, up-down interference and vacuum polarization are
switched off. The center of mass energy is
√
s = 92.3 GeV. zmin is the cut condition on the final-state
energies, defined as E+E−/E
2 ≥ zmin, E−,+ being the final-state energy of the bare electron and positron,
respectively. The fiducial angular range is 0.024-0.058 rad (for more details on the ES, the reader is referred
to [1]). In the plot, the O(α2)Y FSexp cross section from BHLUMI 4.03 is used as a reference cross section.
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Figure 2: Monte Carlo results for various symmetric/asymmetric versions of the CALO2 ES, for matrix
elements beyond first order. Z exchange, up-down interference and vacuum polarization are switched ON.
The center of mass energy is
√
s = 92.3 GeV. zmin is the cut condition on the final-state energies, defined
as E+E−/E
2 ≥ zmin, E−,+ being the final-state energy of the electron and positron clusters, respectively.
The fiducial angular range is 0.024-0.058 rad (for more details on the ES, the reader is referred to [1]).
In the plot, the O(α2)Y FSexp cross section from BHLUMI 4.03 is used as a reference cross section.
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